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A TUBULAR LINER ^'^J^^O^f^^ 
Background of the Invention 

This invention relates generally to a tubular 
liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
15 a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
^ of this procedure the casing of the lower interval is 

of smaller diameter than the casing of the upper 
20 interval. Thus, the casings are in a nested 

arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
25 consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
30 drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
— 35 cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 

SuMiiarv of th« Iiiv«nH^ 

According to one aspect of the present invention, 
there is provided . tubular lining cooprlsing, a first 
tubular portion having a first inside diameter, a 
second tubular portion having a second inside diameter; 
an .nter^iate tapered tubular portion for coupling 
the f.rst and second tubular portions to each other! 
and one or ™.re sealing members coupled to the exterior 
eurface of at least one of the tubular portions; 
Wherein the first inside dia„.ter is greater than the 
second rnsade diameter, and wherein at least one of the 
first and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 
comprising: a first tubular portion having a first 
inside diameter,, a second tubular portion coupled to 
the frrst tubular portion having a second inside 
diameter, and a third tubular portion coupled to the 
second tubular portion having a third inside diameter- 
« Wherein the first and third inside diameters are b^th' 
greater than the second inaide diameter; wherein ^ 

sealing elements, and wherein at least one of the first 

30 ZZT. - - - 

Brief Da«er•^r«■^^^ - t he Drawing , 

Fig. 1 ia a fragmentary cross -sectional view 
Illustrating the drilling of a new section 
borehole. ^ a new section of a well 

»5 Pig. 2 is a fragmentary cross-sectional view 

illustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Fig. 3 is a fragmentary cross-sectional view 
illustrating the injection of a first quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 

Fig. 3a is another fragmentary cross -sectional 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
section of the well borehole. 

Fig. 4 is a fragmentary cross- sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 

Pig. 5 is a fragmentary cross-sectional view 
illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross -sectional view of an embodiment 
of the overlapping joint between adjacent tubular 
members . 

Fig. 7 is a fragmentary cross -sectional view of 
apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentaiy cross -sectional 
illustration of the placement of an expanded tubular 
member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 

Fig. 9a is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9b is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9c is another cross-sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overiapping casings. 

FIG. lOb is a cross-sectional illustration of an apparatus and method for 
creating a lie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-secUonal illustraUon of the pumping of a fluidic sealing 

material into the annular region behveen the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional iUustration of the pressurizing of the interior of 
the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of flie mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member, 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentary cross-sectional view IHustrating the placement of 
an embodiment of an apparatus for hanging a tubularliner within tiie newsection 
20 of the well borehole. 

no. lie Is a ftagmentaiy cross-sectional view illustrating tile Injection of a 
first quantity of a hardenable fluidic sealing material Into Uie new section of ttie 
well borehole. 

FIG. 1 Id is a ftagmentaiy cross-sectional view illustrating ttie introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. 11 e is a fragmentary cross-sectional view illusUating tiie injection of a 

second quantityofahardenable fluidic sealing materialintotiienewsectionofthe 
well borehole. 

FIG. 1 1 f is a fragmentaiy cross-sectional view illustrating the completion of 
30 . the tubular liner. 



Detailed Description of the Illuilrative Embodiments 

An apparalus and method for fonning a wellbore casing within a 
subteoanean formaUon is provided The apparatus and method pemiits a 
wellbore casing to be fom,ed in a subtenanean fom,ation by placing a tubular 
5 member and a mandrel In a new section of a wellbore. and then extnrding the 

tubularmemberoffofthemandrelbypressurtzmganlnterforporUonofthe tubular 
member. The apparatus and method ftirtherpemiits adjacent tubular members 
m the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. TTie apparatus and method ftirther pemiits a new tubular member 
10 to be supported by an existing tubular member by expanding the new hrbular 
member Into engagement with .he exisO.^ tubular member. The apparah«> and 
method lurther minimizes me reduction in the hole size of the wellbore casing 
necessitated by the addltton of new sections of wellbore casing 

^^'"''"■'ntethodforfom.ingaUe^ackllnerusinganexpandable 
IS tubularmemberisalsoprovided. ™e apparatus and method pemtfts a tie-back 
liner to be created by extmding a tubularmemberoffofa mandrel bypressuridng 
and interior pomon of the tubular member. ,„ this manner, a Ue*ack liner is 
produced. The apparatus and method further pemUts adjacent tubular members 
.n the weiibore to be joined using an overlapping joint that prevents fhrid and^or 
gas passage. apparatus and method further pemrits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

A"«Pf«ratusandmethodforexpandinga.ubularmemberisalsoprovided 
'ta'^'cludesanexpandab.etubularmember.mandrelandashoe. l„ap,ele,«d 

25 «"*o<"™nUhelntertorponionsoftheappa,atusiscomposedofma.erfalsthat 
pe«m„helntertorportionstobe,emovedusingaconvenaonaldrilll„gappa,a.us. 

lnth»manner,intheeventofamallu„c.k.„l„adow„holeregion. the apparatus 

may be easily removed. 

An apparatus and meth«l for hanging an expandable tubular liner In a 
30 wellboretsalsopmvided apparatus and method pemri, a. ubularBner to be 
attached to an existtng section of casing. The apparatus and method lurther have 
applicaMon to the joining of tubular members In general 
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for forming a wellbore ^ v^thin '« subterranean formation «iu now be 
<ie«=ribed. A. Ulustrated in Kg. 1, a wellbore 100 is positioned in a subterranean 
fonnation 105. The wellbore 100 includes an easting cased section 110 havinga 
6 tubular casing 115 and an annular outer layer of cement 120. 

In order to ertend tbe wellbore 100 info the subterranean fonnation 106 

a drill .tring 126 is used in a weU known manner to driU out material from the' 
subterranean fonnation 105 to fonn a new section 130. 

^ 2. «n apparatus 200 for fonning a wellbore casing in 
10 --''^«-fc™a.ionistbenpositi.n«.inth.new»ctionl30.f.hewe^ 

100. Theapp.ratua200preferablyindndesanexpandablemandrelorpig205 a 
^bular member 210. a shoe 215, a lower cup eeal 220. an upper cup seal 226.'a 

flurfp.«»ge230.afluidpa.,.ge2S5.afluidp.sssge240,.e.ls246.and.s„pport 

member 260. 

16 ^'"P"""* mandrel 205 i. coupled to «»i supported by the support 
mamber 250. "Pandable mm«irel 306 is preferably adapted .0 controllably 
«P«|d m a r«lial direction. The expandable mandrel 205 may comprise any 

numh^ofconv^tionalcommerciallyavailableexpandablemandrelsmodif^^ 
ac^r^mce with the teachings of the present disclosure. In a prefened 

^ m US. Patent No. 6.348.095, the contents of which are h«„por.ted 
^ ^Terence, modified in a^,^ ^ ^ 

25 , '^'t"^'°^'^'"''""^^'^«»«P««WU.mand.,l206. The 

26 ^"^ member 210 is expanded » the r«iial direction «^ extnrded off of the 
e^andab e mandrel 206. tubular mamher 210 may be lhhrta.ted ,h,m m^ 
^« Of con^ntion.1 commercially avaltahle materiaU such as, for exmnpl^ 
O^eld Country Tubular Good, (OCm). M chrmnhm. steel tuhin^-casing o 
Pl^fc tubmg/casing. m a prefened embodiment, tbe tubular member «« is 

aO^ncate^^f^OCmStoordertoma^strengthaftere^anaion. TU^l 
«io«.rd.am«.,sofa,.mbulsrm«nbcr210msy,>ngCfore«mXfrom 
W-ximatdy 1.905 to 1 19.38 cms (0.75 to 47 inches) „d 2.567 m .21.92 cms 
(1.05lo4lmches),respecavely. Inaprefcrred 



embodiment, Ihe inner and outer diameters of the tubular member 2 1 0 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 1 0 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
posslbiBty of buckling. For typical tubular member 21 0 materials, the length of the 
1 0 tubular member 2 1 0 is preferably limited to between about 1 2. 1 92 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional conunercially available shoes such as, for 
15 example. Super Seal II float shoe. Super Seal II Down-Jet float shoe oragulde shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a prefened embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down phig available fmm Halliburton Energy Services in Dallas, TX, modified in 
20 accordance with Uie teachings of the present disclosure, In order to optimally 
guide the tubularmember 21 0 in the wellbore, optimally provide an adequate seal 
between Oie interior and exterior diameters of tfie overlapping joint between the 
hibular members, and to optimally allow ttie complete drill out of tfie shoe and 
plug after the completion of ttje cementing and expansion operations. 
5 In a preferred embodiment, tiie shoe 2 1 5 includes one or more ttirough and 

side ouUet ports in fluidic communication witti the fluid passage 240. In ttiis 
manner, tiie shoe 2 1 5 optimally injects hardenable fluidic sealing material into the 
region outside ttie shoe 2 1 5 and tubular member 2 1 0. In a preferred embodiment, 
Uie shoe 215 includes tiie fluid passage 240 having an inlet geometry that can 
D receive a dart and/or a ball sealing member. In ttiis manner, ttie fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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( The lower cup seal 220 is coupled to and supported by'«ie'support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 206. The 
lower cup seal 220 may comprise any number of conventional commerciaUy 
5 available cup seals such as. for example. TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, avaUable 

fromHamburtonEnergjr Services inDallas. TXinorder to optimallyblockforeign 
material and contain a body of lubricant. 

10 The upper cup seal 225 is coupled to and supported by the support: member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commerciaUy available cup seals such as. for example TP 
cups or SIP cups modified in accordance with the teachings of the pre«nt 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.availablefiomHalUburtonEnergyServicesinDallas.TXinordertooptimfllly 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinterior region of the tubular member210below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and portioned witinn the support 

member260andthe«q,andablemandrel205. The fluid passage 230 preferably 
extends from a position adjacent t« the surface to tixe bottom of the expandable 

mandrel 205. Thefluidpassage 230 ispreferablypositionedalongacenterlineof 
the apparatus 200. 

25 -n. 

The fluid passage 230 is preferably selected, in the casing running mode of operation. Id 
transport materials such as driUing mud or fonnation fluids at flow rates and pressmrs ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

Thefluidpas8age235pennitsfluidicmaterialstobereleasedfh)m the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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( .ew section 130 of the weUbore 100. fluidic materisds 266 foreed up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizingsurgepressuresonthewellboresection 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 236 preferabfy includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 236 is preferably positioned substantially orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is piefnably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litrea^ninute (0 to 3,000 
gallonstoinute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 1 30. 

The fluid passage 240 pennits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
- passage 240 is coupled to and positioned within the shoe 216 in fluidic 
communication with the mterior legion of the tubular member 210 below the 
20 e:q»andable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
8hapethatpermit8aplug,orothersimilardevice,tobeplaoedinfluidpas8age240 
to thereby blockfartherpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidiclyisolatedfromtheregionexteriortothetubularmember210. Thispermits 
25 the interior region of the tubular member 210 below the expandable mandrel 206 
to be pre8suri2ed. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to conv^ materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 Utres/minute (0 to 3,000 gallons^ninute) and 0 to 620.52813 bar (0 to 9,000 
P^^^ ""^^^^ ^ optimaUy fill the amiular region between Ae tubular member 210 and the 

^ newsection 130 of the wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 



^ includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 cai be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 t»ibularmember210. The seals 245 are furtherpositioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 pennit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commemally available seals such as, for example 
10 lead, nibbcr. Teflon™, or epoxy seals modified in accordance ^vith the teachings of 

the present disclosure. In a preferred embodiment, the seals 245 are molded from 

StratalockepoxyavailablefromHalliburtonBnergy ServicesinDallas. TXinorder 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the easting casing 116. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient Mctional force to support the expanded tubular member 210 from the 
existing casing 116. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges fiom about 68.94757 to 68.947.57 bar (1.000 to 
1.000.000 Ibf) iB order to optimaUy si^port the expanded tubular member 210. 

20 T»^««»PP<'rtmember250iscoupledtotheexpandablemandreI205.tubular 
member 210. shoe 216. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the wellborn 100. In a preferred 
embodiment. tJie support member 250 further includes one or moi« conventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 

tubularmember210. In thismamier.theextrusionoftJie tubular member210ofr 
oftheexpandablemandrel205i8faciUtated. The hibricant 275 may comprise any 
30 number o^conventional commerdalfy available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1 500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 
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C jitisieze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TK in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
xninimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 AsiUa8tratedinPig.3,thefluidpa88age236i8thenclo8edandahardenable 
flmdic sealing material 305 is then pumped from a surfece location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubtdar member 210 and tiie interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 316. 
The material 305 is preferably pumped into the annular region 3 1 5 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 Utres/minute (0 to 1,500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a fimction of the casing and wellbore sizes, weUbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commerciaUy available hardenable fluidic sealing materials such as, 
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for example, slag mix. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Semces in Dallas, TX in order to provide opUmal support for tubular member 210 
5 while also maintaining optimum now characteristics so as to minimize difTiculUes 
during the displacement of cement in the annular region 3 1 5. The optimum blend 
of the blended cement is preferably detem^ined using conventional empirical 
methods. 

The annular regionSlSpreferably is filled with the material 305insufncient 
10 quanUties to ensure that, upon radial expansion of the tubular member 210. the 
annular region 31 5 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly prefen-ed embodiment, as illustrated in Fig. 3a. the wall 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furtheimore. in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extmsion process is optimally fadlitated. 

As Illustrated in Fig. 4. once the annular region 315 has been adequately 
20 filled with material 305. a plug 405. or other similar device, is Introduced Into the 
fluid passage 240 thereby fluldicly isolating the interior region 310 from the annular 
region 31 5. In a preferred embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 3 1 0 causing the interior region to pressurize. 
In this manner, the interior of the expanded tubular member 2 1 0 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
the entire process. Alternatively. Uie material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extmsion 
30 process, ttie expandable mandrel 205 may be raised out of the expanded portion 
of ttie tubular member 210. In a preferred embodiment, during the extrusion 
process, tfie mandrel 205 is raised at approximately the same rate as the tubular 



member 210 is expanded in order to keep the tubullr member' 210 stationary 
relative to the new weUbore section 130. In an alternative preferred embodiment 

theextrusionproce8BiscommencedwiththetubuIarmember2l0positionedabove' 
the bottom of the new wellbore section 130. keeping the mandrel 205 stationary 
5 and aJJowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 seahng material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

availabledevicesfrompluggingafluidpassagesuchas.forexample.MultipleStage 
Cementer CMSC) lateh^own plug. Omega latch-down plug or th«e-wiper latch- 

downplugmodifiedinaccordancewiththeteachingBofthepresentdiscloaure In 
15 a preferred embodiment. theplug406 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
^ «^^^»-terial306ispreferablypumpediatotheinteriorregion310atp:.ss^^^ 
o .r 0 oTo"''^ ^r^^ ^"-^tely 27.579028 to 689.4757 bar (400 

^'"^"^"^ ""^"^^ '"^^-^ ^ -tenor 10 of 

pte405 n?'''^"^^- ^^P-^™^-^^ent,afterplacementof Je 

34 473~;;^^^^ 

to 3.000 gallons/mm) m order to maximize the extmsion speed 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensae. burst, and friction effects upon the tubular member 210 during the 
expansion process. Tl^ese effects wiU be depend upon the geometry of the 

^>^--onmandreI205.themateriaIcompo8itionofthetubularmember210and 
30 ™nmaadrel205.theinnerdiameterofthetu^^ 

th:cknessofthetubularmember210.thetypeoflubri^^^ 

_ofthetubularmember210. In general, the thicker the wall thickness, the smaller 
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.he inner diameter, and the greater the yield strength of the 'tLbiliar member 210 
then the greater the operating pressures 'required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210. the extrusion of the tubular member 210 ' 
5 off of the expandable mandrel will begin when the pressure of the interior region 
3 10 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging for 
example.fromaboutOto5fVsec. In a preferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also pennitting easy control 
of the expansion process. 

When the endp«rtion260of the tabularo«,a«r210taextrudedoffof the 
15 «,p«,d«bte miurfrel 206. the outer «xace 266 of the ami portion 260 of the 
tub,d<^ member 210 p:rfer.bly cont«t the interior ™rfi«» 410 of the end 

portion270ofth.c«ingll6to&nn«,fl„i<,tightov.rlappingjoin,.l*econtact 
PTMSure of (he overUpping joint My imge. for sample, ftom appninmatd, 3 447379 to 
U7«.9514 to (50 B 20,000 pti). m . pefarri enbodimont. Ihe eo»«« pK««, of ite 
20 overlappmg joint nmg^ Son wrexinutd, 27.579028 to 689X757 b« (400 to 10.000 pd) in 
order to provide oplimun p^M. to «aiv«. the .,n»il« sealing 245 



■■n»<''^W'i^iointbetweenthee««on410oftheexirtingc.atogn6.nd 

25 andfltna^eel. lnapa«ieulerlyprefe,r«,en*odiment.the«aHng»«nber.246 
optuniUly pro™le a fluidie and gaseoua «d in the overlapping joint 

I°«P'^«^»bodin».t.th.oper.tingpr«»„,e.ndlk«rat.ofth.non 
haidenablefWdic.»^S06i8contollrf^r,n^downwhenthee=,pandable 
806 reaohe. the ««1 portion 260 of the tubttoniomber 210. m thie 
»«na.r, the »dd,n rele... of pre^ur, cau«d by the complete extrusion 
t-Mar member 210 oiTofthe expandable mandrel 205 can be minintod In. 



Ik- 



prefeired embodiment, the operating pressure is reduced iii a substantially linear 

fasMonWlOO^toaboutlO^duringtheendofaxeextrusionproces^ 

when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extrusion ' 

process. 

6 ^*«'^**^»y.o'^m«)mbination.ajhod^^ 
member250inordertoabsorbtheshock^S;^;jS;;S^su^ 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in weUbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 i. tJae end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Onoe the extrusion proceae i. completed, the «,>and«ble mmdiei 205 is 
«moved from the weUbore 100. m a preferred emhodimeat. either beibre or efter 
theremovalofthee.pand.blemandxel206,thetotegrityofthefluidicsealofthe 
16 ""'toWingjoint between the upperporti«n260ofthetubul.rmember210 end 
the lower portion 270 of tte casing 11« ie teeted using con^ntionei methods 

_ '"*«'**'fc«J'>f«»o™r]iWingjointl»twe«„heupperportion260of 
thetubui.rm«nber210andtheWporti«.270ofthecasingll5issatisf.ctory 
tt««^nnc««iportionofthemnteri.lS05withintheexpendedtubuIaxmember" 
20 210l.th«.r«n.vedia.conve„tion.lmannersuohas.forax«ople.ci«uletingthe 
uncuredmaterialoutoftheinteriorofthee^dedtubularmemher210 The 
".androl 206 is then pulled out of the weUbore section 130 and a driU bit or mai is 
used m combination with a conventional drilling assanbly 605 to drffl out any 

'|«'enedmat.riaI306withinthetub„larmemher210. Il» matertal 306 within 
26 IheennularresionSlSiethensllowedtocure. 

'*»'">^'«'tong.6,preferaWy.nyremainingcu,edm.terial306withto 
the interior of the eipanded tubular member 210 is then removed in a 

conventional manner uaing a conventional drill Siring 605. Tlie resulting new 

'f'^ 610 indudes the e.^ tabula, m«nber 210 and an outer 
30 «mul.rl^Sl5ofcu,edmate,i.l305. TOe bottom portion cftbe apparatus 200 
comprtogthe d», 216 «,d dan 406 may then be removed hy drilling out the 
_ and dart 408 using conventional drilling methods. 
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In a prefeired embodiment, as illustrated in Fig. 6. the upper portion 260 of 
the tubular member 2 1 0 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 1 15 and the upper portion 260 of the tubular 
5 member 210 is pressure-Ught and the pressure on the interior and exterior surfaces 
of the tubular member 210 is equalized during the extnision process. 

In a prefeired embodiment, the sealing members 605 are sealed within 
recesses 615 fomied in the outer surface 265 of the upperportion 260of the tubular 
niember210. In an alternative prefeired embodiment, the sealing members 605 are 
10 bonded or molded onto ttie outersurface 265 of ttie upperportion 260 of ttie tubular 
member2I0. The pressure rcUef holes 610 are preferably positioned in ttie last few 
feet of tiie tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand Uie upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in tum reduces the velocity of Uie 
15 mandrel 205 upon ttie completion of Uie extmslon process. TWs reduction in 
velocity in tum minimizes ttie mechanical shock to tfie entire apparatus 200 upon 
the completion of ttie extnision process. 

Referring now to Fig. 7. apparatus 700 for forming a casing within a wellbore 
preferably includes an expandable mandrel or pig 705. an expandable mandrel or 
20 pig container 710. a tubular member 715. a float shoe 720, a lower cup seal 725. an 

uppercup seal 730.afluid passage 735.afluldpassage740.asupport member 745. 
a body of lubricant 750. an overshot connection 755. anotfier support member 760. 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by ttie support 
25 member 745. The expandable mandrel 705 is further coupled to ttie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 

mandrels modified inaccordancewitti the teachlngsof ttie present disclosure, nie 
30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348,095. ttie contents of 
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which are incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constmcted from any number of conventional commercially available materials 
such as, for example. Oilfield Countiy Tubular Goods, stainless steel, titanium or 
highstrengthsteels. The expandablemandrelcontainer710maybefabricated from 
material havingagreaterstrei^lhlhan the materialfrom which the tubular member 
10 715isfabricated. In this manner, thecontainer 71 Ocanbe fabricated from a tubular 
materialhavingathinnerwallthicknessthanthehjbularmember210. Thispemiits 
the container 71 0 to pass through Ught clearances thereby facilitating its placement 
within the wellbore. 

Once the expansion process begins, and Uie thicker, lower strength material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 715 Is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is piefeiably expanded in the radial 

directionandextmdedoffofttieexpandablemandrel 705 substantially as described 
20 above with reference to Figs. 1-6. TTie tubular member 71 5 may be fabricated from 
any number of materials such as. for example. OUfield Countiy Tubular Goods 
(OCTG). automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

The tubular member 7 1 5 preferably has a substantially annular cmss-secbon. 

25 The tubular member 715 more preferably has a substantially circular annular cross- 
section. 

The tubular member 715 preferably includes an upper secft-on 805, an 
intennediate section 810. and a lower section 815. The upper section 805 of ttie 
tubular member 715 preferably Is defined by the region beginning in tiie vicinity of 
30 Uie mandrel container 710 and ending witii the top section 820 of Uie tubular 
member715. Theintemiediatesection8l0ofttietubularmember715ispreferably 



n 



defined by the region beginning in the vicinity of the top of the mandrel container 
7 10 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning In the 
vicinity of the mandrel 705 and ending at the bottom 825 ofthe tubular member 7 15. 
5 The wall thickness of the upper section 805 of the tubular member 71 5 is 

greater than the wall thicknesses of the intermediate and lower sections 810 and 
815 of the tubular member 715 in order to optimally facillate the initiation of the 
extrusion process and optimally perniit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 
1 0 The outer diameter and wall thickness of the upper section 805 of tfie tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.3175 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall Uiickness of Uie upper section 805 of the tubular member 715 may range 
fi^om about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 inches), respectively. 

The outer diameter and wall tiiickness of the intermediate section 8 1 0 of the 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of ttie intemiediate section 8 1 0 of the tubular member 
20 715 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3.175 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of Uie lower section 815 of the tubular 
member 715 may range, for example, fnm about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 
25 thickness of the lower section 8 1 0 of the tubular member 7 1 5 may range from about 3.5 to 
ISinchesand l/8to 1 .25 inches, respecth^ly. The wall thickness of the lower section 81 5 
of the tubular member 7 1 5 may be further increased to increase the strengtii of tiie shoe 
720 when drillable materials such as, for example, aluminum are used. 

The tubular member 7 1 5 preferably comprises a solid tubular member. The 
30 end portion 820 ofthe tubular member 715 may be slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 705 when it completes Uie extnision 
of tubular member 715. The length of the hibular member 715 may be limited 



to minimize the possibility of buckling. For typical tubular member 715 materials, 
the length of the tubular member 7 1 5 is preferably limited to between about 1 2. 1 92 
to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 715 The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
inlet passage 830. and one or more jet ports 835. The cross-sectional shape of the inJet 
passage 830 is preferably adapted to receive a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
of solid material 840 for increasing the strength of the shoe 720. The body of solid material 
10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example. Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 preferably comprises an 
1 5 aluminum down-jet guide shoe with a sealing sleeve for a latch-dovm plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 In the wellbore. optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optinially facillate the removal of the shoe 
20 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support meml>er 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas. TX In order to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support meml>er 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 



numberof co„ve„Uonalcommei.iallyavailable cup seals suchas,for example n. 
cups or Selective Injection Packer (SIP) cup modified in accordance «dth 'the 
teachings of me present disclosure. Tl,e upper cup seal 730 may compHse a SIP 
cup available Irom Halllbunon Energy Services in Dallas. TX in order to opUmally 
5 provide a debris barrier and contain a body of lubricant. 

•nre fluid passage 735 permits Huidic materials to be transported toaml Imm 
the interiorregionof the tubularmember 715belowthe expandable mandrel 705 

ntelluidpassage 7351s nuidlclycoupledtothefluidpassage740. The nuld passage 
735 „ preferably coupled to and positioned within the support member 760. the 

.0suppor.member7«.,hemandrelcontainer710.andtheexpandablemandre,705 

Thefluidpassage735p,efe,ablyextendsfromaposi«onadiacenttothesurface.o 
the bottom of the expandable mandrel 705. The fluid passage 735 U p,efen*ly 
posiuoned along a cenlertlne of the apparatus 700. Tl»» fluid passage 735 is 

P^ferably selected to transport materials suchasceme„t,drilltogn„„,orepoxies 

l5atflowratesa™ipressures,angingfromaboutI51.4164toI1356.2355ll,,esAnlnule 
(40 to 3.000 gallons/minute)a«i 34.473 to 620.52813 bar (500 to 9.000 psi) in order 
to provide sumcient operating pressures to extnrde the tubular member 715 off of 
the expandable mandrel 705. 

As descHbed above with reference to Figs. W, during pbcement of me 
20 apparatus 700 within a new section of a wellbore. fluldic materials forced up the 
flurdpassage 735ca„bereIeased.ntothev«Dbo,eabove,he tubular member 715 
™e apparatus 700 further lnchK.es a pressure release passage that is coupled to 
a«. positioned within the support member 260. "me pressure release passage is 
lurtherlluidiclycoupled to the fluid passage 735. ^me pressure release passage 
25 p,e,e«bly Includes a control valve forcontroUably opening and closing the fluid 
passage. TT,e control va^e may be p.«sure activated In oide, to contmDably 
minrmi^ surge pressures. T„e p^ssure .efease passage is preferably positfoned 
substanually orthogonal to the centerfae of the apparatus 700. T^e pressure 

'^«^P^eIsp«fe,ablyseIec,edtoconveymate,ialssuchascemen.,drilIing 
30 mud or ep^des at flow nUes a™, pressures ranging ftom about 0 to 1892.7059 
atrestalnute (0 to 500 gallons*ninule) and 0 to 68*1757 bar (0 to 1 000 



PS.) In orter lo reduce fte drag on U,e apparatus 70O during imertlon into a new 

secUonofaweBboreandlomWrnizesursepressuresonlhenewwellboresecBon 
Tl>e nuid passage 740 pennits fluidic mateHab » be transported to a,d from ,l,e • 

re^onexteHortothetubularmemberZlS. Tl-e Hold passage 740 is preferably coupled to 
.5 «Klposr.tonedwi.l.„ ">e shoe 720 in fluidic comn,unicaUonwl,l„hein.eHor,egio« of the 
MM^member7i5be,owU,eexpandabiemandrel705. TTe Buid passage 7«preferabty 
has a cross-sedonal shape thatpenniu a plug, or other simllardevlce. lo bepiaced in the 

mle.830ofthenuidpassage7«>,„,he,ebyblock,urtherpassageofll„ldicn«tenals In 
»>»n,an™r,.heintenor.eg.onof.he,ubuiarmembe,7.5belo«the«^ 

10^5 can beopdn,allyauidiclyisola,edfron,.he.egione«e,ior.o.h..,,b„lar„«„ber^^^ 
Thispenrttsthelnte,.orregionofthe,ubula,men,ber71Sbeiowthee,pandablemand„d 
ZOStobepressun^ed. The fluid passage 740 is preferably positioned 
substantially along the centeriine of the appamh« 700. tbe fluid passage 740 Is 

preferably selected toconveymaterials such as cement. drtllingnUKi or epoxies at 

15flowratesandp,essuresran8tagftomabout0loI1356.235Sli.,«s/minute(0to3000 
ganonvminute) and 0 to 620.52813 bar (0 to 9.000 psi) in onier to optimally a an 
»nular region behveen the tubular number 715 and a new section of a wellbore 
wim lluidic matedals. The Huid passage 740 may include an Inlet passage 830 

'>«*Waseomet,y,hatcann^iveadanand/oraba«seaUn8 member. In this 
20 manner, the Buld passage 240 can be sealed off by inUoducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

■meapparams 700 may ftnther include one ori7K»e seals 845 coupled loand 
supported by the end portion 820 of the tubular member 715. The seals 845 are 

'""h«PoslUonedonanoutersu.faceoftheendportlon820ofthetubularmember 
25 715. TOe seaU 845 pem.It the overbppi„g K>int between an end portion of 

I«exislingcaslngandlheendpoflion820ofthelubularmember7isiobe«uldicly 
sealed. The seals 845 may comprise any number of comrentlonal commercially 

availablesealssuchas.fore»mple.lead.mbber,Teaon™.orepoxyseaUmodined 
«. accordance wifl, the teachings of the present disclosure, seals 845 may 
30 comprise seals molded ftom StrataU>ck epoxy avaibbie from Halliburton Energy 
Services In Dallas. TO in order to optimally ptovlde a hydraulic seal and a load 
bearing 
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interference fit In the overlapping joint between the tubular member 715 and an 
existing casing with opUmal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient frictional force to 
5 support the expanded tubular member 7 1 5 from the existing casing. The frictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to optimally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
1 5 accordance with the teachings of the present disclosure. The support member 745 
may comprise conventional driU pipe available from various steel mlUs In the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 7 1 0 within the Interior of the tubular member 715. 

20 In this manner, the extrusion of the tubular member 715 off of the expandable 
mandrel 705 is fadUtated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or CUmax ISOOAntlsiezeOlOO). The 
lubricant 750 preferably comprises Climax 1500 Antisiezie (3100) available from 

25 Halliburton Energy Services in Houston, TX in order to optimally provide lubrication 
to faciliate the extrusion process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional connmerciaily available 



overshot connecUonssuchasJor example. Innerstring Sealing Adapter.Inneretring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool SUnger. The overshot connection 
755 may comprise a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 

755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weUbore. The support member 760 may 
comprise any number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or otiier high strengtfi tubulars 
modified in accordance witii the teachings of ttie present disclosure. The support 

member 760 maycompriseaconventional drill pipeavallablefromsteelmiUs in tiie 
United States. 

The stabilizer 765 is preferably coupled to tiie support member 760. The 

15 Stabill2er765alsopreferablystabill2esttiecomponentsoftiieapparatus700within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 

member having anoutsidediameterttiat Is about 80 to 99% of ttie interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. TTie stabilizer 765 may comprise any number of conventional 
20 commerclallyavailable stabilizers suchas. forexample. EZ Drill Star Guides, packer 
shoes or drag blocks modified In accordance with the teachings of the present 

disclosure, niestablllzer 765 maycompriseasealingadapterupperguideavailable 
from Halliburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 
25 assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material Into the apparatus 700 is minimized. TOs 

minimizes tiie possibility offoreignmaterialctogging the various flowpassagesand 
vahres of the apparatus 700. 

Before or after positioning tiie apparatus 700 witiiln a new section of a 
30 wellbore. a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

5 The ai^ratus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to form a new section of casii^ within a wellbore. 

As illustrated in Fig. 8, in an alternative prefen«d embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubularliner 810 inside of the existing wellbore casing 805. In a preferred 

10 embodiment, an outer armular lining of cement is not provided in the repaired 
section. In the alternative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular liner 8 1 0 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 
drilling mud. In the altemative preferred embodiment, sealing members 81 5 are 

15 preferably provided at both ends of the tubular member in order to optimaify 
provide a fluidic seal. In an alternative preferred embodiment, the tubular liner 810 
is formed within a horizontally positioned pipeline section, such as those used to 
transport hydrocarbons or water, with the tubular liner 8 1 0 placed in an overiapping 
relationship with the adjacent pipeline section. In this manner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 
sections. 

In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
prefewed embodiment, an outer annular lining of cement is not provided between 
25 the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the wellbore such as. for example, cement, epoxy, slag mbt, 
or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a prefenred emt>odiment, the design and constmctlon of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubulcu^ member 902 preferably includes an upper portion 
9 1 0, an intermediate portion 912 and a lower portion 9 1 4. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
10 906 by pressurizing an Interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an e}q>andable tubular member 91 5 
is coupled to the upper portion 91 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 

15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular memt>er 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the hjbular member 91 5 is greater 
than the wall thickness of the tubular member 902. 

The tubular member91 5 maybe fabricated from any numl>er of conventional 

20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
915 is fabricated from oilfield tubulars In order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
preferred embodiment, the tubular member 915 has a plastic yield point ranging 

25 from about 275.9028 to 9307.92195 bar (40.000 to 135,000 psi) in order to optimally 
provide approximately the same yield properties as the tubular member 902. The 
tubular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of weliboie casing. 
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In a preferred embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of buckling. For typical tubular member 
materials, the combined length of the tubular members 902 and 915 are limited to between 
about 12.192 to 6,096m (40 to 20,000 feet) in length. 
5 The lower portion 9 1 4 of the tubular member 902 is prefer£dDly coupled to the 

shoe 908 by a threaded connection 968. The intermediate portion 9 1 2 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 maybe fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
10 steels, titanium or stainless steels. Inapreferred embodiment, the tubular member 
902 is fabricated from oilfield tubtilars in order to optimally provide appro»mately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from at>out 275.9028 to 9307.92 1 95 bar (40,000 to 1 35,000 psi) in order to optimally 
15 provide approximately the same yield properties as the tubular member 91 5, 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
inches). In a preferred embodiment, the wall thickness of the upper, intermediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 
20 3.175 cms (1/8 to 1 .25 inches) in order to optimally provide wall thickness that are about 
the same as the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wail thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 

The outer diameter of the upper, intermediate, and lower portions, 9 1 0, 9 1 2 and 9 1 4 
25 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms (1 .05 
to 48 inches). In a preferred embodiment, the outer diameter of the upper, intermediate, 
, and lower portioris, 910, 912 and 914 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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' ^ The length of the tubular member 902 is t)referably Kmitetf to between about 

0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 conunercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U^S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. In apreferred embodiment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available firom various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The variouus elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded coimections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support men:2ber 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. Ehuring operation of 
the apparatais 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section, 
30 The support member 904 may be fabricated from any number of 

conventional conunercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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( ;mbodunent, the support member 904f is fabricated from bw Ailoy steel in order 

to optimally provide high yield strength'. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 is preferably used to convey fluids and other inaterials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to conv^ hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly prefexred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a prrferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^ance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the te«r>htngff of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available fit)mHalUburton Energy Services in Dal^ TXorder 
to optimally guide the apparatus 900 within the tubular member 915. 
25 Thecoupling922couplesthesupportmeniber904tothemandrel906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cros8*section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
siuface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100X InapreferredembodimentythelubricantcomprisesClimaxlSOOAntiseize 
25 (3100) available Irom Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fiadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded ofiTof the outer 
surface of the ejqiansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement oV the expansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The wall thickness of the expansion cone 928 may range, for example, 
from about 0.31 75 to 7.62 cms (0. 1 25 to 3 inches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minimal material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 Inches). In a preferred emlx)dlment, the maximum and minimum outside 
diameters of the e:?q)ansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 19 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

1 5 The expansion cone 928 maybe fabricated from any number of conventional 

commercially available materials such as, for example, ceramic, tool steel, titanium 
orlow alloy steel. In a prefenred embodiment, the expansion cone 928 is fabricated 
from tool steel In order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 RockweU C to 70 Rockwell C In a prefenred embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emtxHliment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of Uie expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
RockwellC. In a prefened embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are fomried as an integral one-piece element in order reduce the number 
of components and Increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the Interior of the mandrel 906 
15 The body of cement 932 provides an inner bearing stmcture for the mandrel 906 
The body of cement 932 further may be easily drilled out using a conventional drill 
dev.ce. In this manner, the mandrel 906 may be easily removed using a 
convenlional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 Is coupled to the extension sleeve 936 and housing 940 
25 During operation of the apparatus 900. the lower guide 934 preferably helps guide 

tiiemovementofthemandrel906witfiinttielubularmember902. The lower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars. low aUoy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 Is 
fabricated from lowalloysteelinorderto optimally provide highyieldstrengUi. The 



31 



outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-secUon. 

The extension sleeve 936 may be fabricated from any number of 
convenUonal commercially available materials such as, for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
10 extension sleeve 936 is fabricated from lowalloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the Inner surface of the tubular member 902 to provide a sliding fit. In a 
prefen-ed embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed ftom the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerclallyavallabIematerialssuchas.forexample.steel.aluminumorcastiron. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

toopUmallyprovidedriDabllity. The end of the spacer938preferably mates with the 
25 end ofthe extension tube 960. In a prefened embodiment, the spacer 938 and the 
sealing sleeve 942 are fomied as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
moUon of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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Tl» housi™, 940 ™y be fabricated from any number of convemiona. 
co„y avauabfe ma,ena,s such as. for e«.n,p,e, oime« ..bufars, K,w 
-ee. or s,a.n>ess s.ee,. ,n a prefene. embodimem, me housing 940 is fabrtcaj 
f-'owa„oys.eeMnor<ier.oop.ima,.ypr„vide..gh,ie,dsu.„S«.. inaprei^JL 
5 embo^,me„,, >be iower guide 934, extension sleeve 936 and housing 940 are 
formed as an imegral one^,iece elemen, in o.*r ,o min,™,^ ^e number of 
components and increase the strength of the apparatus 

'»^>-*"'»1'P-f-edembodiment,.heintenorsu,faceofthehousing 
940 .ncludes one or more protmsions to faciliate the connecUon between t^ 

10 housing940andthebodyofcement932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932, the soacer <n« »„h .k. 

.inespacer938,andtheupperconerelainer944. During opemBon of 

906. ".sieeve942,spreferab,ycoupted.omesuppo„member904uslng 



T1«sea.ingsleeve942maybe.abdcatedlmmanynumbe,of conventional 

naT?!™'™''""'''^'"''^'^'-'"''^"™'"---"^^^ 
^ a p efe^ed embodiment, the sealing sleeve 942 is fabHcated »om aluminum in 

20 order to optmtally provide ddllabilityof the sealing sleeve 942 

sealing sleeve 942 and the body of cement 932. 
25 .u, '"°'^'^'*'''"'''^'""~<'™»'.*«Pacer938and.hesealir«sleeve 

sea - - 

900 »h«... ooayoi cement 932. During operation of theapparatus 

30 olsLT/^rr^'^'''"'''*'^'''^'"-™--''''^"^ 

»ne9^. '^'erably,theuppercone,e.ai„er944hasasubstantiallyannularcross. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such ks. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-secUonal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cioss-secUonal shape 
that is substantially I-shaped toprovide increased rigidity and minimize the amount 
10 of material that would have to be drilled out. 

The lubricator mandrel946iscoupledtotheretainer924.thembbercup926, 
the upper cone retainer 944, the lubricator sleeve 948. and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrJl 946 Is 
20 fabricated from aluminum in order to optimally provide drillabiUty of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924. the rubber cup 926. the upper cone retainer944, the lubricator slleve 

948. and the guide 950. During operaHon of theapparatus 900. the lubricatorsleeve 
25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 Is 
30 fabricated from aluminum in order to opUmaliy provide drillabihiy of the lubricator 
sleeve 948. 



3^- 



As illustrated in Fig. 9c. the lubricator sleeve 948 is sdppoAe'd B; the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the nibber cup 926 to the lubricator sleeve 948. In a preferred 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948. and rubber cup 926 in order to optimally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946. the retainer 924, and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 950 
preferably guides the apparatus on Uie support member 904. Preferably, the guide 
1 0 950 has a substantially annular cross-secUoa 

The guide 950 may be fabricated from any number of conventional 

commeiciallyavailableinaterialssuchas.forexample. steel, aluinlnumorcastiron. 
In a prefened embodiment, the guide 950 is fabricated from aluminum order to 
optimally provide drillability of the guide 950. 

15 Thefluidpassage952lscoupledtothemandrel906. During operation of ttie 

apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
In a prefened embodiment, the fluid passage 952 is positioned about the centeriine 
of the apparatus 900. In a particulariy preferred embodiment, the fluid passage 952 

is adaptedtoconveyhardenable fluidic materialsatpressuiBS and flowrate ranging 
20 from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 litres/minute (0 
to 3.000 gallons/min) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as. for example, ihmaded connections, welded 
25 comiectionsorcementfng. lnaprafenedembodlment,thevariouselementsofU,e 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably Includes a housing 954. a body of cement 956 a 
sealing sleeve 958, an extension tube 960. a fluid passage 962. and one or more 
outiet jets 964. 

30 The housing 954 is coupled to tiie body of cement 956 and the lower portion 
914ofU,etubularmember902. During operation ofthe apparatus 900. the housing 
954 preferably couples the lower portion ofthe tubular member 902 to the shoe 908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954. and the sealing sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to pemiit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 convenUonal cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. the fluid pass^e 962. and one or more outlet jets 964. During operaUon 
20 of the apparatus 900. the sealing sleeve 958 preferably is adapted to convey a 

hardenablefluidicmaterialfrom the fluid passage952intothefluidpassage962and 
then into the outlet jets 964 in order to infect the hardenable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodimem 
dunng operaUon of the apparatus 900. the sealing sleeve 958 further includes aii 

25 'nte»geometrythatpemiitsaconvenUonalplugordart974tobecomelodgedlnthe 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked thereby fluldiclyisolating the interiorregion966ofthelubularmember902. 

In a prefen-ed embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commerciaUy available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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labricated from aluminum in order to optimaUy provide drinabilily'of Ihe sealing 
sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 968. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross^on. The extension tube 960 may be fabricated from any number 
of conventional commerdaUy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 
20 fabricated from aluminum in order to optimally provide driUability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 968, the extension 
tube 960, and one or more ouUet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to conv^ hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1 356.2355 (0 to 3.000 
gallonstain) in order to optimally provide fluids at operationally efficient rates. 

30 TheouUetjete964arecoupledtoaie8ealing8leeve958,theextenaiontube * 

960, and the fluid passage 962. During operation of the apparatus 900. the outlet 
_ jets 964 preferably conv^ hardenable fluidic material from the fluid passage 962 
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^ to the region exterior of the apparatus 900. Li'a'preferred'embo'dim^t. the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simpliiy the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Rgs. 1-8 to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 

a dnli string is used in a well known manner to drill out material from aie' 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is H^en positioned in the new section of the weUbore. In a particularly 
piBfeired embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 °^tenal is then pumped from a surface location into the fluid passage 918 The 

hardenablefluidicsealingmaterialthenpassesfromthefluidpassage918intothe 
interior region 966 of the tubular member 902 below the mandrel 906 The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exite the 
25 apparatus 900 via tie outlet jets 964 and fills an annular region between the 
extenorofthe tubular member 902 andaie interior wall of aienewsection of the 
weUbore. Continuedpumpiagofthehaxdenablefluidicsealingmaterialcausesthe 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

Ps0^0.5678.n77..es^.,0to 1.500 ^oos^, 
the hardenable fluidic sealing notorial ispun^cdinm the 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creaUng high enough circulaUng pressures such that circulaUon might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using convenUonal enipirical methods. 

The hardenable fluldic sealing material may comprise any number of 
conventional commercially available hardenable Huidic sealing materials such as. 
for example, slag mbc, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealiiig material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimaUy provide support for the new tubular 
member while also maintaining opUmal flow characteristics so as to minimize 

operationaldifficultiesduring the displacementofthecementin the annular region. 
The optimum composition of the blended cements is preferably detemiined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902. the annular region of the new section of the weUbore win be filled 
with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 

sealing materiaUplug or dart974. or other similar device, preferablyis introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 

25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 is minimized. 

30 Once the interior region 966 becomes suffidenUy pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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extrusion profeess, the mandrel 906 



^ be fixed or it may be expandible. During the' 

is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationaiy. 

5 The plug or dart 974 is preferabfy placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-down plug. Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped mto the interior region 966 at 
15 pressures and flow rates ranging fiom approximately 34.473 to 620.52813 bar (500 to 
9,000 psi) andl5 1 .4164 to 1 1356.2355 litres/minirte (40 to 3.000 gallons/min) in order to 
optimally extrude the tubular members 902 and 915 off of the mandrel 906. 

For typical tubular members 902 and 915. the extnision of the tubular memben 902 and 915 off 
of the expandable mandml will begin when the pressure of the interior region 966 reaches approximately 
34.473 to 620.52813 bar (500 to 9.000 psi). In a preferred embodiment, the extrusion of tbe tubular 
member, 902 and 915 off of the mandrel 906 begins when the pressure of tbe interior region 966 reaches 
proximately 82.7352 to 586.041 bar (1.200 to 8.500 psi) with a flow rate of about 151.4164 to 
4731.7648 lities^iinute (40 to 1250 gaUons^unnte). 

During the extnision process, tbe mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 
2g to 1.524 m/s(0 to 5 ft/sec). In a piefeired embodiment, during the extrusion process, the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
pulling speed fast enough to pemiit efScient operation and pemiit full expansion of the 
tubular members 902 and 915 prior to curing of the hardenable fluidic sealing material; 
but not so fast that timely adjustment of operating parameters during operation is 
30 prevented. 



When the upper end portion of the tubiilkr member 915 is 'extKided off of the 
mandrel 906. the outer surface of the upper end portion of the tubular member 91 5 
will preferably contact the interior surface of the lower end portion of the exisUng 
casing to fomi an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 3.447379 to 
1 .278.9514 bar (50 to 20.000 psi). In a prefeired embodiment, the contact pressure 
of the overlapping joint between the upper end of the tubular member 915 and the 
exisUng secUon of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10.000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that the tubular 

member9l5andexisting wellbore casing wiU cany typical tensile and compressive 
loads. 

In a prefened embodiment, the operating pressure and flow rate of the non 
hardenable fluldlc material will be controllably ramped down when the mandrel 
15 906reaches the upper end portion of the tubularmember915. In this manner, the 
sudden release of pressure caused by the complete extnision of the tubular 
member 91 5 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure Is reduced in a substanUally linear fashion 
from 100% to about 1 0% during the end of the extmsion process beginning when 

20 themandrel906hascompletedapproximatelyallbutaboutthelast 1.524m(5feet) 

of the extrusion process. 

In an altemaUve prefened embodiment, the operating pressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluldic 
material are controUed during all phases of the operation of the apparatus 900 to 

25 minimize shock. 

Alternatively, or In combination, a shock absorber is provided in the support 
member 904 In order to absoib the shock caused by tfie sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching stnicture is provided 

30 above tfiesupportmember904inordertocatchoratleastdeceleratettiemandrel 
906. 

Once tiie extnision process is completed, Uie mandrel 906 is removed from 
tiie wellbore. In a preferred embodiment, eittier before or after ttie removal of tfie 



mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of weUbore Is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

Interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilUng out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the Interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removal of the 
remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that pennit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a prefen^ed embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of ttie body of 
cement932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944. the 
lubricatormandrel 946, the lubricator sleeve 948, theguide 950, the housing 954, the 
body of cement 956, the sealing sleeve 958, and the extension tube 960, are 

30 selected to pemiit at least some of these components to be driUed out using 
conventional drilling methods and apparatus. In this manner, in the event of a 



4i 



r 

malfunction downhoie, the apparatus 900 may be easily removed from the 
wellbore. 

Referring now to Figs. 10a, 10b, lOc, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illusUaled in Fig. 1 Da, a wellbore 1000 positioned in a subterranean formation 1 002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably Includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1 006 preferably includes a tubular liner 1 0 1 2 and 
a cement annulus 1014. In a prefen^d embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substanUally as described above with 
reference to Figs. l-9c or below vAOx reference to Figs. Ma-1 If. 

In a particulariy prefen-ed embodiment, an upper portion of the tubular liner 
1012 overiaps Vkith a lower portion of the tubular liner 1008. In a particularly 
prefen^ed embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1 008 and 1012. 

RefeiTing to Fig. 10b, in order to create a tie-back liner U»at extends from the 
overiap between the first and second casings, 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
20 memberlllO.ashoe m5,oneormorecupseals n20,anuidpassage I130,afluld 
passage 1135, one or more fluid passages 11 40. seals 11 45, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by tiie 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a prefen-ed embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantiaUy as disclosed in U.S. Pat. No. 5,348,095, the disclosure 

30 of which Is incorporated herein by reference, modified in accordance witii the 
teachings of the present disclosure. 



^ The tubular member 1 110 is coupled to and supported by ihc'expandable mandrel 

1105. The tubular member 11 05 is expanded in ihe radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1110 may be 

fabricated from any number of materials such as, for example. Oilfield Counliy Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The Inner and outer diameters of the tubular member 1 1 lOmay range, for example, 
from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1.05 
to 48 inches), respectively. In a prefenred embodiment, the inner and outer diameters of 
10 the tubular member 11 10 range fix>m about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 
to 40.64 cms (3.5 to 16 Inches), respectively in order to optimally provide coverage for 
typical oilfield caang sizes. The tubular member 1110 preferably comprises a soUd 
memt>er. 

In a preferred embodiment, the upper end portion of the tubular member 1 1 10 Is 
1 5 slotted, perforated, or otiierwlse modified to catch or slow down ttie mandrel 1 1 05 when 
it completes the extrusion of tubular member 1 1 10. In a preferred embodiment, ttie lengtii 
of the tubular member 1 1 1 0 is limited to minimize ttie possibility of budding. For ^Ical 
tubular member 1 llOmaterials, ttie lengttiof ttie tubular member 1 1 10 is preferably limited 
to between about 12.192 to 6,096m (40 to 20,000 feet) in lengtti. 
20 Theshoe 1115iscoupledtottiee)5>andablemandrel 1105andttielubularmember 

1 1 10. The shoe 1115 includes ttie fluid passage 1 135. The shoe 1 1 15 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal II 
float shoe, Super Seal II Down Jet float shoe or a guide shoe witfi a sealing sleeve for a latch 
down plug modified in accordance witti ttie teachings of the present disclosure. In a 

25 preferred embodiment, ttie shoe 1115 comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down plug with side ports radiating off of ttie exit flow port 
available from Halliburton Energy Services in Dallas, TX. modified in accordance witti ttie 
teachings of ttie present disclosure, in order to optimally guide the tubular member 1 100 
to ttie overiap between ttie tubular member 1 100 and ttie casing 1012, optimally fluidicty 

30 isolate tiie interior of ttie tubular member 1 100 after ttie latch down plug has seated, and 
optimally permit drilling out of the shoe 1115 after completion of the expansion and 
cementing operations. 

In a preferred embodiment, ttie shoe 1115 includes one or more side outiet 
ports 1 1 40 in fluidic communication witii the fluid passage 1 1 35. In ttiis manner, 
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vhe shoe 1115 injects hardenable fluidic sealing material into the region outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 

includes one or more of the fluid passages 1140 each having an inlet geometry that 

can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 

the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 acUacent to the expandable mandrel 1105. Thecupseal 
10 1120 may comprise aiiy nimiber of conventional cranmercially available cup seals 
such as, for example, TP cups or Selective Iiyection Packer (SIP) cups modified in 
accordance vnth the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the e:q>andable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1160 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
ejqjandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerUne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gaUons/minute) 
25 and 0 to 620.528 1 3 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at opoational efScient rates. 

The fluid passage 1135 permitsfluidicmatedals to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 



^ ^andable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or otlier similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1106. This permits the interior region of the tubular member 1110 below 
the e3q)andable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optim^y fill the annular region between the tubular member 
11 10 and the tubular liner 1008 vnth fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball scaling 
member. In this manner, the fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 1 30. In a preferred wnbodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a dsigle 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1146 are further positioned on an outer surface 
of the lower end portion of the tubular monber 1110. The seals 1146 permit the 
25 overlapping jouit between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicfy sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example. Iea4 nibber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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uydrauUc seal in the overlappingjoint and optimaUy provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 
^ In a preferred embodiment, the seals 1145 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1 1 10. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably cx>mpri8es an aimular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment^ the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a qtiantity of lubricant 1150 is provided in the 
15 pnnnlflr region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
_ off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any nimiber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Cliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into theapparatus 1100 is minimized. 
This minimizes the possibiliiy of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 diudng the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as. for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a preferred embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Energy Services in Dallas, 
5 TX. In an altemathre embodiment, a high gel strength pill may be set below the tie- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1 1 55 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of welllxire volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the e>q>ansk)n mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
1 5 pumped ftom a surface location into the fluid passage 1 1 30. The material 1 1 60 then 
passes from the fluid passage 1 130 into the interior region of the hibular member 
1 1 lObelow the expandable mandrel 1 105. The material 1 160 then passes from the 
interior r^ion of the tubular member 1110 into the fluid pcissages 1140. The 
material 1 1 60 then exits the apparatus 1 1 00 and Oils the annular region between the 

20 exterior of the tubular member 1110 and the interior wall of the tubular liner 1008. 
ConUnued pumping of the material 1 1 60 causes the material 1 1 60 to fill up at least 
a portion of the annular region. 

The material 1 1 60 may be pumped into the annular region at pressures and 
ftow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1177 Uties/mlnute (0 to 1,500 gaUons/hiln), respectively. In a preferred 
embodiment, the material 1 1 60 is pumped into the annular regton at pressures and 
flow rates specifically designed for the casing sizes being run, the annular spaces 
being filled, the pumping equipment available, and the properties of the fluid being 
pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical methods. 



The hardenable Huidic sealing material 1 1 60 may comprise any number of 
conventional commercially available hardenable Ouidic sealing materials such as, 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
. hardenable fluidic sealing material 1 1 60 comprises blended cements specifically 
5 designed for well section being tied-back. available from Halliburton Energy 
Services in Dallas. TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintainlr>g optimum flow characterisUcs so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 160. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
15 withmaterial 1160, one or more plugs 11 65. or other similar devices, preferably are 
introduced into the fluid passages 1 1 40 thereby fluidlcly isolating the interior region 
ofthe tubular member 1 1 10 from the annular region external to the tubularmember 
1 1 10. In a preferred embodiment, a non hardenable fluidic material 1 161 is then 
pumped into the Interior region of tiie tubular member 1110 below the mandrel 
20 1 105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 165. orother similar devices, are Introduced 
into the fluid passage 1 140 with the introduction of the non hardenable fluidic 
material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 1 0 is minimized. 
25 As illustrated in Fig. lOe. once the interior region becomes sufficientiy 

pressurized, the tubular member 1 1 10 is extruded off of the expandable mandrel 
1 105. During the extrusion process, the expandable mandrel 1 105 is raised out of 
the expanded portion of the tubular member 1 1 10. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 165 into Ae fluid passage 1 130 at a surface location in a 
conventional manner. The plugs II 65 may comprise any number of com^enUonal 
commercially availabledevices from pluggingafluidpassagesuchas.for example. 



brass balls, plugs, rubber balls, or darts modified in accordance vAth the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density nibber balls. In an 
alternative embodiment, for a shoe 1 105 having a common central Inlet passage, the plugs 1 165 
5 comprise a single latch dovm dart 

After placement of the plugs 11 65 in the fluid passages 1 140, the non hardenable 
fluidic material 1161 is preferably pumped into the interior region of the tubular member 
II 10 below the mandrel 1105 at pressures and flow rates rcinging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 13.562.355 litres/minute (40 to 
1 0 30,000 gallons/min). In a preferred embodiment, after placement of the plugs 1 165 in the 
fluid passages 1140, the non hardenable fluidic material 1161 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrel 1 105 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar ( 1 200 to 8500 psi) and 1 5 1 .4 1 64 to 
4731.7648 liu^es/minute (40 to 1250 gallons/min) in order to optimally provide exUusion of 
15 typical tubulars. 

For typical tubular members 11 10, the extrusion of the tubular member 1 1 10 off of the 
expandable mandrel 1 1 05 will begin when the pressure of the interior region of the tubular member 
1110 below the mandrel 1 105 reaches, for example, approximately 82.737 to 586.0543 bar (1200 to 
8500 psi). In a preferred embodiment, the extrusion of the tubular member 1 1 10 off of the 

20 expandable mandrel 1 105 begins when the pressure of the Interior region of the tubular member 
1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 1.524 nVs (0 to 5 ft/sec). In a preferred embodiment, 

25 during the extmsion process, the expandable mandrel 1105 is raised out of the 
expanded portion of tfie tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extrusion process will be 
completed before the material 1 1 60 cures. 

30 In a preferred embodiment, at least a portion 1 1 80 of the tubular member 
1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 105. 
In this manner, when the mandrel 1 105 expands the section 1 180 of the hibular 
member 1 1 1 0, at least a portion of the expanded section 11 80 effects a seal with at 



6o 



least the wellbore casing 1012. In a particularly preferred embodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1110 and the 
5 casing 1012ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an alternative prefen-ed embodiment, substantially all of the entire length 
10 of tfie tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 1 05. In Uiis manner, extrusion of the tubular member 1 1 1 0 by the 
mandrel 1 1 05 results in contact between substantially all of the expanded tubular 
member 11 10 and the existing casing 1008. In a prefened embodiment, the contact 
pressure of the joint between the expanded tubular member 1 1 10 and the casings 
15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psI) in 
order to optimally provide pressure to activate ttie sealing members 1145 and 
provide optimal resistance to ensure that tfie joint will wiflistand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of tfie 
20 material 1 161 is controllably ramped down when tfie expandable mandrel 1 105 
reaches ttie upper end portion of the tubular member 1110. In Uiis manner, ttie 
sudden release of pressure caused by tfie complete extmsion of tfie tubular 
member 1 1 1 0 off of tfie expandable mandrel 1 1 05 can be minimized. In a preferred 
embodiment, tfie operating pressure of tfie fluldic material 1 161 is reduced In a 
25 substantially linear fashion from 100%to about 10%duringUieendofthe^tnjslon 
process beginning when ttie mandrel 1 105 has completed approximately all but 
about 1 .524m (5 feet) of ttie extmsion process. 

Alternatively, or In combination, a shock absoiber is provided in tfie support 
member 1150 in order to absorb ttie shock caused by the sudden release of 
30 pressure. 
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Alternatively, or In combination, a mandrel catching structure isprovided in 
the upper end portion of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig, lOf, once the extmsion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of ihe expandable mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 
tubularmember 1 1 10 Is then removed in a conventional manner. The material 1 160 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 
1 5 As illustrated in Fig. lOf, preferably any remaining cured material 1 1 60 within 

the interior of the expanded tubular member 1110 is then removed In a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 160. 
20 As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 1 100 
comprising the shoe 1 1 15 and packer 1155 Is then preferably removed by drilling 
out the shoe 1 1 15 and packer 1 155 using conventional driUing metfiods. 

Inaparticulariy preferred embodiment, the apparatus 1 100 incorporates the 
apparatus 900. 

25 Refening now to Figs. 1 la-1 1 f, an embodiment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 
As iUustrated in Fig. 1 1 a, a wellbore 1 200 is positioned in a subterranean formation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subteminean formation 1205, 
a drill string 1225 is used in a weU known manner to drill out material from the 
sublenanean fomnation 1205 to fonn a new section 1230. 
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As illustrated in Fig. 1 lb, an apparatus 1300 for forming a wellbore casing in 
a subterranean formation is then positioned in the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mahdrel or pig 1305, 
a tubular member 1 3 1 0, a shoe 1 3 1 5, a fluid passage 1 320, a fluid passage 1 330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
memtier 1 345. The expandable mandrel 1 305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
numl>er of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed In U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modifled in accordance with the teachings of the 
present disclosure. 

1 5 The tubular member 1 3 1 0 is coupled to and supported by the expandable mandrel 

1 305. The tubular member 1 3 1 0 is preferably expanded in the radial direction and extmded 
offofthe expandable mandrel 1305. Thetubularmember 13I0maybefabricatediromany 
number of materials such as, for example, Oilfield Country Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
member 1310 may range, for example, from approximately 1 .905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respecth^ely. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respecthrely 

25 in order to optimally provide minimal telescoping effect in the most commonly 
encountered weOliore sizes. 

In a prefenred embodiment, the tubular member 1310 includes an upper portion 
1355, an Intermediate portion 1360, and a lower porticm 1365. In a prefenred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 V4 inches) and 8.89 to 40.64 cms (3 to 
16 inches), respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), 
respectively. In a prefenred embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the waill thickness of the 

intemrtediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore ha^dng 

10 tight clearances. 

The tubular memt>er 1310 preferably comprises a solid member. In a 
preferred emlKXliment, the upper end portion 1 355 of the tubular member 1 31 0 is 
stotted, perforated^ or otherwise modified to catch or slow down the mandrel 1 305 
when it completes the extrusion of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular meml>er 1310. The shoe 1315 
20 prefeiablyincludesfluidpassages 1330 and 1335. The shoe 1315 may comprise any 
number of conventional commercially available shoes such as, for example, Super 
Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe v^th a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down^jet guide shoe with a sealing sleeve for a latch-dovm plug aveulable 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic commurucation with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 



outside the shoe 1315 and tubular member 1310* In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1 330 having an inlet geometry that can receive 
a fluidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 

the interior region of the tubular memt>er 1310 below the expandable mandrel 1 305. 
The fluid passage 1320 Is coupled to and positioned within the support member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1300. The fluid passage 1320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to l>e transported to aiKl from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1 370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This permits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305tobepressurized. The fluid passage 1 330 is preferably positioned substantially 
along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging fix)m al>out 0 
30 to 11356.2355 Iitres/minute(0to3,000gallons/minute)and0to620.52813bar(0to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 
prefened embodiment, the fluid passage 1330 



55 



includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1 320. 

The fluid passage 1335 pennits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and slioe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilUng mud or epoxies at flow rates and pressures ranging from 

10 aboutOto 1 1356.2355 litres/minute(0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally All the annular region between the tubular member 1310 
and the new section 1230 of the weDbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1310. The seals 1 340 
pemnit the overiapping joint between the lower end portion of the casing 1215 aiKl 
the upper portion 1 355 of the tubular member 1 3 1 0 to be fluidicly sealed. The seals 
1 340 may comprise any number of conventional conunercially available seals such 
as, for example, lead, rubber, Teflon™, or epoxy seals modifled in accordance with 

20 the teachir^s of the present disclosure. In a preferred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton &ieigy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint while also creating optimal load bearing capability to 
withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufflcient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 1,000,000 IbO 
in order to optimally support tiie expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 13 15. and seals 1340. The support member 1345 preferably comprises 
an annular member having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign materia] into the apparatus 1300 is minimized. This 
minimizes (he possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1 320. The uaper plug 1 350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the vAper plug 1 350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modifled in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a prefen-ed embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 and to ensure that no foreign material interferes v^th the extnision 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the annular region 1390 between Uie exterior of the tubular member 
ISlOand the interiorwallofthenewsectionl230of the wellbore 1200. Continued 
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pumping of the material 1380 caikics the material 136e*t6fi'll up at least a portion 
of the annular resion 1 390. 

The material 1 380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1.500 gallons/min). respectively. In a 
prefeffed embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) 
and 0 to 5678.1 177 litres/minute CO to 1,500 gaJlons/min), respecUvely, in order to 
optimaUy fiU the annular region between the tubular member 1310 and the new 
10 section 1230oftheweUbore 1200 with the hardenablefluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
1 5 speclflcally for the weU section being drifled and available from HalUburton Eneigy 
Services in order to optimally provide support for tiie tubular member 1310 during 
dispbcement of the material 1380 In the annular region 1 390. The optimum blend 
of tfie cement is preferably detennined using conventional empirical mettiods. 
The annular region 1390 preferably is filled with the material 1380 in sufficient 
20 quantities to ensure tiiat, upon radial expansion of the tubular member 1310, tiie 
annular region 1390 of tiie new section 1230 of tiie wellbore 1 200 will be filled witti 
material 1380. 

As IBustrated in Fig. 1 Id. once U»e annular region 1390 has been adequately 
filled witti material 1380, a wiper dart 1395, or ottier similar device, is Introduced 
25 into the fluid passage 1320. The wiper dart 1395 is preferably pumped through tfie 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages die wiper plug 1350. 

As fflustrated in Fig. lie. in a prefen^d embodiment, engagement of tfie 
wiper dart 1395 witti tfie wiper plug 1350 causes tfie wiper plug 1350 to decouple 
30 fix)m tfie mandrel 1305. The wiper dart 1395 and wiper plug 1350 ttien preferably 
will lodge in tfie fluid passage 1330, ttiereby blocking fluid flow tfuough ttie fluid 
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^ passage 1330, and fluidicly isolatifaig the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1306 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch^down plug/dart modified in accordance with the foa/'htn gB of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
■~ from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable flmdic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 
1500 gaUons/min) in order to optimaUy extmde the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of haidenable fluidic material within the 
2g interior of the tubular memb« 1 3 1 0 is minimized. 

In a prefcm«I embodiment, after blocking the fluid passage 1330. the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rales ranging fiom approximately 34.473 to 620.52813 bar (500 to 9.OO0 psi) and 151.4164 to 
11356.2355 litres/teinute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the «q,ansion process at rates sufficient to pemut adjustments to be made 
30 » operating parameters during the extnjsioniBocess. 
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For typical tubular member 1310, the extrusion of Ihe tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 lo 
9,000psi). In a prefenred embodiment, the exUusion of the tubular member 1310 
5 off of the expandable mandrel 1 305 is a function of the tubular member diameter, 
wall thickness of the tubular member, geometiy of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, and the yield strength 
of the tubular member. The optimum flow rale and operating pressures are 
preferably detennined using conventional empirical methods. 
1 0 During the extmsion process, the expandable mandrel 1 305 may be raised out of 

the expanded portion of the tubular member 1 310 at rates ranging, for example, from al>out 
0 lo 1 .524 m/s (0 to 5 fl/sec). In a preferred embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1 3 1 0 at rates ranging from about 0 to 0.6O96nrVs ( 0 to 2 ft/sec) in order to optimally 
1 5 provide an efficient process, optimallypermitoperator adjustment of operation parameters, 
and ensure optimal completion of the extmsion process before curing of the material 1 380. 

When the upper end portion 1355 of the tubularmember 1310 is extruded off of the 
expandable mandrel 1305. the outer surface of the upper end portion 1355 of the tubular 
member 1310 will preferably contact the interior surface of the lower end portion of the 
20 casing 1215 to form an fluid tight overi€^)ping joint. The contact pressure of the overiapping 
joint may range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20,000 
psi). In a preferred embKxiiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
25 v^thstand typical tensile and compressive loads. In a particularly prefened embodiment, 
the sealing members 1340 will ensure an adequate fluidic and gaseous seal In the 
overiapping joint. 

In a prefen^ed embodiment, ttie operating pressure and flow rate of tiie non 
hardenable fluidic material 1381 is controUably ramped down when tiie expandable 

30 mandrel 1305 reaches the upper end portion 1355 of tfie tubular member 1310. In Uiis 
manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of Oie expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% 
to about 10%during the end of ttie extrusion process beginning when tiie mandrel 1305 has 

35 completed approximately all but about 1.524m (5 feet) of ttie extmsion process. 



Alternatively, or In combination, a shocl^ absoiber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1 355 of the tubular member 1 3 1 0 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extojsion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1 200- In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

10 overlappii^ joint between the upper portion 1 355 of the tubular meml>er 1310 and 
the lower portion of ttie casing 1215 is tested using conventional metiiods. If the 
fluidic seal of the overiapping joint between the upper portion 1355 of the tubular 
member 1310 and tiie lower portion of the casing 1215 is satisfactoiy, tiien ttie 
uncured portion of ttie material 1 380 wittiin Uie expanded tubular member 1 31 0 is 

15 flien removed in a conventional manner. The material 1380 wiUiin the annular 
region 1390 is Uien allowed to cure. 

As illustrated in Fig. 1 1 f , preferably any remaining cured material 1 380 witiiin 
the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

20 of casing 1 400 includes tfie expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1 31 5 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

25 formation has been descnl>ed ttiat includes installing a tubular liner and a mandrel 
in tiie borehole. A body of fluidic material is ttien injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of tiie mandrel. The 
injecting preferably includes; injecting a harderud>le fluidic sealing material into an 
annular region located between ttie borehole and the exterior of the tubular liner; 

30 and a non hardenable fluidic material into an interior region of the tubular liner 



below the mandrel The method preferably inCludes'nuidicly isolating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flowrates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 1 51 .4164 to 1 1356.2355 litres/minute (40 to 
3.000 gallons/min). The injecting of the non hardenable fluidic material Is 
10 preferably provided at reduced operating pressures and flow rates during an end 
portion of the extruding. The non hardenable fluidic material is preferably injected 
below the mandrel. The method preferably includes pressurizing a region of the 
tubular liner below the mandrel. The region of the tubular liner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 
15 (500 to 9,000 psi). The meUiod preferably includes fluidicty isolating an interior 
region of the tubular liner from an exterior region of the tubular liner. The method 
further preferably includes curing the hardenable sealing material, and removing 
at least a portion of the cured sealing material located within the tubular liner. The 
method further preferably includes overlapping the tubular liner v^th an existing 
20 wellbore casing. The method further preferably includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 
preferably irKiludes supporting the extmded tubular liner using the overiap with the 
existing wellbore casii^. The method further preferably includes testing the 
int^rity of the seal in the overlap between the tubular liner and the existing 
25 wellbore casing. Themethodfiirtherpreferablyincludesremovingatleastaportion 
of the hardenable fluidic sealing material within the tubular liner before curir^. The 
method further preferably includes lubricating the surface of the mandrel. The 
method further preferably includes absorbing shock. The method further preferably 
includes catching the mandrel upon the completion of the extruding. 

30 



( An apparatus for creating a'ddsiilg in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably e::q>andable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Coimtiy Tubular Groods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular zDcmber prefenbly has inner and outer diameters ranging from about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40;64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubtdar member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubtilar members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member ofiT of the mandrel into engagement with the first tubular 
member. The pressurizmg of the portion of the interior region of the second 
^ tubular member is preferably provided at operating pressures ranging from about 
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( 34.473 to 620.528 1 3 bar (500 to 9.000 psi). Ti^rpmsiirizing of tHe portion of !hc interior region of the 

second tubular member is preferably provided at reduced operating pressures 
dxuing a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing men:ibers at an end portion of the flnniilar member » and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fiuidic sealing material is preferably formed by the 
20 process of ii^ecting a body of hardenable fhzidic sealing material into an Annular 
region external of the tubular liner. During the pressurizing^ the interior portion 
of the tubxilar liner is preferably fluidicly isolated fix>m an exterior portion of the 
tubular liner. The interior portion of tiie tubular liner is preferably pressurized 

to pressures rangiag from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular lincx preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overli^ between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes itntrf-j^lliTigr ^ tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



( expanding the liner in the borehole by eixtruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement» drilling mud, and epoxy. In a preferred embodiment, the 
method further includes iltiidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9»000 psi) and 151.4164 to 113562.355 
litres/minule (40 to 3,000 gallons/min}. In a piefeired embodiment, die injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of die extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressuiized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9.000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular liner 
15 with the ftxisfang wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the esdsting wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the inierior portion of the tubular liner is fluididy isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.528 1 3 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of 

5 a cured fluidic sealing material is fonned by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
weilbore casing and the tubular Uner. In a prefened embodiment, the tubular liner 
overlaps with another existing weilbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

10 and the other existing weilbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weilbore casing. 

An £4>paratus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portioa The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated fi'om materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, ttie expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in tiie foregoing disclosure. In some instances, some features of the present 
invention may be enq)loyed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A tubular liner, comprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter; 

an intermediate tapered tubular portion for 
coupling the first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages . 

20 2. The liner of claim 1, wherein the tubular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel. 

25 

3. The liner of claim 1, wherein the tubular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3.5 to 19 inches) and 0.3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thickness 
and outside diameter of the second tubular portion 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

6. The liner of claim 1, wherein the wall thickness 
and outside diameter of the tapered tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thickness 
and outside diameter of the first tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

9. The liner of claim 1, wherein the second txibular 
portion includes one or more radial passages. 

10. A tubular liner, conprising: 

a first tubular portion having a first inside 
diameter; 

a second tvibular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 

wherein the first and third inside diameters are 
both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
tiibular members define one or more pressure relief 
passages • 

t1 



« • • • • • • 

» « * • • • 



• • ••• •••• 

« • t • • • • 

11. The liner of claim 10, wherein the first ttibular 
portion has a first wall thickness; 

wherein the second tiabular portion has a second 
wall thickness; 

5 wherein the third tubular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 

10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages. 



13. The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

25 

16. The liner of claim 10, wherein an end of the first 
tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
30 tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 



